Objective: To examine the association between breast-feeding initiation time and neonatal mortality in India, where breast-feeding initiation varies widely from region to region.
Introduction
Approximately 8.9 million children under the age of 5 die annually, 1 and nearly 3.7 million of these deaths occur during the neonatal period, 2 the majority in developing countries. The fourth Millennium Development Goal aims to reduce under-5 mortality by two-thirds in each country by the year 2015, and reducing neonatal mortality is vital to achieve this goal. 3 With a growing emphasis and some success on improving health among children under-5, the proportion of deaths among under-5 children due to neonatal mortality is growing. Neonatal mortality now accounts for nearly 40% of deaths among children under-5 2,4,5 A third of neonatal deaths, 1.44 million worldwide, are a result of infections, including sepsis, tetanus and diarrhea, and nearly 28% of these deaths occur in preterm babies. 5 However, a large proportion of all neonatal deaths could be prevented with universal coverage of evidencebased, low-cost and low-tech interventions. 6 The promotion of exclusive and continued breast-feeding is a key intervention to reducing under-5 mortality worldwide. Exclusive breast-feeding for 6 months and continued breast-feeding for 1 year could prevent an estimated 1.3 million child deaths annually. 4 The importance of breast-feeding on post-neonatal mortality and maternal mortality has been well established. For the mother, early initiation stimulates the production of breast milk and aids in the release of oxytocin, reducing the risk of postpartum hemorrhage. 7, 8 For the infant, breast milk, particularly the colostrum, is highly nutritious and rich in maternal antibodies that reduce the risk of neonatal sepsis, 9 ,10 respiratory infections 11 and diarrhea, 12, 13 all of which are among the top causes of neonatal mortality.
More recently, attention has been focused on the potential role that timing of initiation of breast-feeding has in reducing neonatal mortality. Analyses of data collected in large community-based trials of maternal vitamin A supplementation in Ghana 14 and newborn chlorhexidine antisepsis in Nepal 15 showed that delaying the initiation of breast-feeding beyond the first hour or first day of life significantly increased the risk of neonatal mortality. Given the observed relative risks and available country-specific data on coverage of breast-feeding within the first 24 h after birth, these studies estimated that 16 and 8% of neonatal mortality could be attributed to delayed initiation of breast-feeding. In India, although there have been some improvements in breast-feeding practices, including exclusivity and duration of breast-feeding, 16 late initiation of breast-feeding is still common. Nearly 96% of infants are ever breast-fed in India, but only 55% are breast-fed within the first day and only 24% are breast-fed within 1 h after birth. 8 Feeding practices vary greatly across India, and although breastfeeding is nearly universal throughout the country, initiation within 1 h varies from 4% in Bihar to 66% in Mizoram. Initiation within 24 h is more common, but still varies widely from 24% in Uttar Pradesh to 96% in Kerala. 8 Demonstrating a similar reduction in neonatal mortality risk associated with early breast-feeding initiation in India, as shown in Ghana and Nepal, could lead to increased emphasis on early breast-feeding initiation as a main component of neonatal mortality-reduction programs. In this study, we evaluate the association between breast-feeding initiation time and neonatal mortality using breast-feeding data collected within the Vitamin A Supplementation in Newborns (VASIN) trial in southern Tamil Nadu, India.
Methods

VASIN parent trial and data collection
Data for this analysis were collected as part of the VASIN study, which was a community-based, randomized, placebo-controlled trial of the impact of newborn vitamin A supplementation on early infant mortality. The details of the VASIN study procedures and results have been published previously. [17] [18] [19] The trial was conducted between June 1998 and March 2001 in two rural blocks of Tamil Nadu, India. Pregnant women were identified and recruited by project staff for participation in the study. Project workers met with prospective participants privately to explain the study, answer any questions and obtain informed consent before study enrollment. Women were able to decline study participation at any point during the study. Eligibility into the study was determined by the location of delivery. Women who delivered 20 km or more outside the study area were excluded. During the recruitment visit, staff collected baseline information on family, household, demographic and socioeconomic characteristics. All infants born in the participating villages during the study period were eligible for participation in the randomized trial, if the infant was alive at the time the study staff first visited the household. Baseline information, including information on breast-feeding initiation time, was collected for all live births even if the child died before the first visit, and all live births were eligible for this analysis.
When a birth occurred, local staff notified a supervisor who visited the site of delivery to administer the allocated (vitamin A or placebo) supplement. At this visit, information on delivery and newborn characteristics, including breast-feeding initiation time, weight and gestational age were collected. Weight was measured using a Seca Model 727 electronic infant scale. Gestational age was estimated as the time between the date of last menstrual period reported by women at enrollment during mid-pregnancy and the date of birth. Project staff visited infants every 2 weeks to record daily vital status and morbidity history. In the event of an infant death, cause of death was assigned through an independent review by two pediatricians of verbal autopsy data provided by family members. Data regarding breast-feeding were collected during the first visit.
Definition of exposure and outcome Live-born infants who survived beyond 48 h and for whom breastfeeding initiation time could be determined were included in this analysis. As with previous studies, 14, 15 infants who died within the first 48 h of birth were excluded to minimize the potential for reverse causation bias. Additionally, to reduce likelihood of recall bias for time of breast-feeding initiation, only infants for whom the first visit occurred within 7 days after birth were included in the analysis. Breast-feeding initiation was recorded as a categorical variable during the birth assessment: <12 h after birth, 12 to 24 after birth and more than 24 h after birth. If the first visit occurred before 12 h after birth and before breast-feeding had been initiated, the infant was excluded from the analysis because their time of initiation could not be determined. The primary exposure variable (breast-feeding initiation time) was categorized both as a three category variable (12 h of birth, 12 to 24 h and >24 h) and as a binary variable (p24 h vs >24 h) for comparability with previous studies. The primary outcome for this analysis was mortality from 2 to 28 days after birth.
Statistical analysis
A binomial regression analysis with a log-link function was used to calculate crude and adjusted relative risks for mortality in each of the three breast-feeding stratum. The analysis was also conducted using two breast-feeding strata: p24 h and >24 h. Kaplan-Meier survival curves were constructed for each breast-feeding stratum. Bivariate regression analyses of potential confounders related to the household, mother, delivery, infant and study treatment were analyzed for association with the primary outcome of neonatal death and with breast-feeding initiation status. Variables associated with both the outcome and exposure and variables previously shown to be associated with mortality in this setting were included in the multivariate model. Infants with missing data, most commonly birth weight and gestational age, were excluded from the multivariate analysis.
Including infants who were too sick to breast-feed as a result of serious illness that led to death could overestimate the beneficial effect of early initiation. 20, 21 Residual reverse causation might arise if infants who were too sick to breast-feed and subsequently died were included. Thus, a variable indicating early illness was created; infants were defined as having 'possible severe illness' if they experienced one or more of the following conditions within the first 48 h after birth: (1) diarrhea; (2) dysentery; (3) fever; (4) difficulty/fast breathing; (4) took child for medical treatment.
The primary analysis was repeated excluding infants with possible early severe illness and again excluding all deaths in the first 7 days of life to better demonstrate the temporal relationship between breast-feeding initiation time and neonatal mortality and to examine the potential for reverse causality. Given the variability in timing of weight measurement and fluctuations in weight during the early neonatal period, a further restricted analysis was done excluding infants whose weight measurement occurred after 72 h in order to assess the sensitivity of the conclusions to the timing of measurement of birth weight. Population attributable fractions were estimated for Tamil Nadu using the adjusted multivariate models and for India using breast-feeding data from the most recent Demographic and Health Survey 8 in order to estimate the proportion of neonatal deaths that might be prevented if all infants initiated breast-feeding within the first 24 h after birth. All statistical analyses were conducted using STATA version 10.0 (STATA, College Station, TX, USA).
The study received approvals from the ethics committee of the Aravind Eye and Children's Hospitals, the Department of Health of the Tamil Nadu State Government, and by the Committee on Human Research of the Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, USA 19 and is registered at http://www.clinicaltrials.gov (NCT00114868).
Results
During the study period, there were 12 936 live births and a total of 402 neonatal deaths, resulting in a neonatal mortality rate of 31.1 deaths per 1000 live births. Almost half (200, 49.8%) of the neonatal deaths occurred during the first 48 h of life and were excluded from this analysis. Among the remaining 12 736 infants, 10 505 were visited within 7 days. Breast-feeding status could not be determined for 14 babies, and 27 babies were lost to follow-up before 28 days, leaving a total of 10 464 in the final analysis ( Figure 1 ).
Timing of breast-feeding initiation after birth was collected within 48 h for 88.5% of the sample, thereby minimizing recall time of the respondent. Early initiation of breast-feeding was common with 82.1% of infants breastfed within the first 12 h. Breast-feeding was initiated between 12 and 24 h after birth for 13.8% of infants and after 24 h for 4.1% of infants. Early breastfeeding initiation (p24 h) was high (95.9%) among the study population.
Among the 10 464 infants surviving 48 h and included in this analysis, there were 202 neonatal deaths. Verbal autopsy data were available for all 202 deaths included in the analytic data set, but physician reviewers were able to reach a consensus cause for only 164 (81.2%). Among those with a cause assigned, the proportion of post 48-h deaths attributable to infections (sepsis, pneumonia, tetanus, meningitis and diarrhea) was 54.3% (89/164).
There was an increased risk of mortality among infants who were late breast-feeding initiators compared with those who were early initiators (Table 1, Figure 2 ). Breast-feeding initiation between 12 and 24 h and after 24 h was associated with a 1.20 (95% confidence interval (CI) ¼ 0.81, 1.78) and 4.02 (95% CI ¼ 2.73, 5.93) fold increase in mortality risk compared with infants breast-fed before 12 h after birth, respectively. Late initiators (>24 h) were 3.91 (95% CI ¼ 2.67, 5.73) times more likely to die during the neonatal period compared with early initiators (p24 h). Early breast-feeding and neonatal mortality CR Garcia et al
The bivariate associations between neonatal mortality and a range of possible confounders of the breast-feeding initiation timeFmortality relationship are shown in Table 2 . Variables associated with the outcome and suspected confounders were adjusted for in the multivariate model (Table 3) . Adding the potential confounders birth weight, gestational age and type of birth attendant present during delivery to the basic model of neonatal mortality and breast-feeding initiation time resulted in the largest decrease in the magnitude of the mortality risk associated with late breast-feeding initiation time. Low birth weight, which was associated with high neonatal mortality, increases the risk of late breast-feeding initiation. For infants weighing between 2000 g and 2499 g, the relative risk of late initiation is 1.28 (95% CI ¼ 1.04 to 1.59) times higher than that in normal weight infants, and this risk increases to 1.94 (95% CI ¼ 1.41 to 2.67) for infants weighing <2000 g. After adjustment, the observed associations between neonatal mortality and breastfeeding initiation time, defined as either a three-category variable (<12, 12 to 24, <24) or a binary variable (late vs early), were reduced ( Table 3 ). The attenuation was particularly pronounced for the relationship between late initiation (>24 h) and mortality, but the adjusted mortality risk remained B78% higher among late initiators (aRR ¼ 1.78 (95% CI ¼ 1.03, 3.10)) compared with early initiators. The covariates vitamin A treatment, maternal night blindness and the head of household occupation were associated with mortality in the multivariate model, but did not confound the association between breast-feeding initiation time and mortality. Models including interaction terms provided no evidence that the association between breast-feeding initiation time and neonatal mortality was modified by birth weight (P ¼ 0.836), gestational age (P ¼ 0.938) or sex (P ¼ 0.292). To ensure that the final model included all confounders, the model was again fit with all the potential confounders listed in the Table 2 footnotes, and the neonatal mortality risk associated with breast-feeding initiation time did not change from the association presented in the final model (Table 3) . To examine the potential for residual reverse-causation bias, those meeting the criteria for early neonatal illness (n ¼ 220, 2.1%) were excluded from the analysis. This resulted in a higher adjusted relative risk estimate for neonatal mortality comparing early initiators to late initiators (aRR ¼ 2.24; 95% CI ¼ 1.29 to 3.88). Thus, there was little evidence of further reverse-causation bias. In fact, in this case, keeping ill infants in the analysis might have resulted in an underestimation of the benefit of early breastfeeding initiation at reducing the risk of neonatal mortality. A similar increase in the association between breast-feeding initiation time and mortality resulted when excluding all deaths in the first 7 days of life (aRR ¼ 2.46; 95% CI ¼ 1.20 to 5.02). The analysis was also repeated excluding infants with weight measurements collected after 72 h (n ¼ 1200). The relative risk of mortality for late initiators increased from 1.78 to 2.08 (95% CI ¼ 1.20 to 3.60) compared with early initiators. Thus, none of the extended analyses provide any evidence that the observed increased mortality risk among late initiators, after adjustment, is a result of residual reverse causality.
Discussion
The results from this study provide evidence that initiation of breast-feeding after 24 h among newborns in Tamil Nadu, India was associated with a higher risk of neonatal mortality in both the crude and adjusted models. Late initiation was associated with a 78% increase in the mortality risk after adjusting for confounders. Using the mortality risk estimates from the adjusted multivariate model, 6.2% of neonatal deaths after 48 h could be prevented with initiation of breast-feeding within 24 h of delivery. Assuming that there is no association between early breast-feeding initiation and mortality before 48 h (49.8% of deaths), universal early breastfeeding initiation might prevent 3.0% of neonatal deaths in this community in southern India. This proportion is much smaller than that calculated in Ghana (16.0%) and Nepal (7.7%), but this can be attributed to the higher percentage of early initiators in this study (95.9%) compared with Ghana (71.0%) and Nepal (56.6%). In many other regions of India, the proportion that are breast-fed within 24 h is substantially lower; in such settings, improvements in coverage of early breast-feeding could prevent a much greater proportion of all neonatal deaths. Because low birth weight infants are at an increased risk of mortality and late breast-feeding initiation, promotion of early breast-feeding initiation may be even more important in settings with high numbers of low birth weight newborns, including India where an estimated 22% of infants weigh <2500 g. 8 For example, if the mortality risks found in this study were applied to Uttar Pradesh, which has the lowest percentage of early initiators in India, with only 23.7% initiating breast-feeding within 24 h, 8 16.4% of neonatal deaths could be prevented.
There are several reasons why mothers may delay breastfeeding. Among women in rural India, higher maternal education levels and higher socio-economic status are common determinants for early breast-feeding initiation, but first-time mothers are more likely to delay breast-feeding. 22 The belief that breast milk does not become available until 3 days after birth is another common reason for delaying breast-feeding among mothers in rural India and Ghana. 23, 24 Mothers may also delay feeding because the newborn has not cried for milk. 24 Several of these determinants, including maternal education, number of pregnancies and surrogates for socio-economic status, were examined but did not confound the association between breast-feeding initiation time and neonatal mortality. However, a better understanding of why mothers delay initiation of breast-feeding is necessary to improve coverage.
Major strengths of this study were the large sample size (n ¼ 10 464), which is comparable to the previous breast-feeding initiation studies, and the short average recall period. 19 The prospective nature of this study allowed mothers to be enrolled in the study before delivery and allowed most infants to be visited shortly after birth. Of the infants visited within the first week of life, the percentage of infants visited within the first 48 h was 88.5%, followed by a second visit 24 h later. An early first visit minimized the likelihood of recall bias and differential misclassification of breast-feeding status among infants, and repeated visits throughout the study helped to more accurately ascertain the time and cause of the mortality outcome.
However, unlike the NNIPS study in Nepal and the ObaapaVitA study in Ghana, only information on timing of breast-feeding initiation was collected. No information on the duration of breastfeeding, breast-feeding exclusivity or prelacteal feeding habits, which are proven interventions to reduce child mortality, was obtained in this study. In addition to depriving the infant of nutrients, late initiation of breast-feeding often becomes a reason for using prelacteal feeds that may be harmful to the newborn and increase the risk of diarrhea, and the most recent DHS reports almost 60% of newborns in India are given something other than breast milk to drink in the first 72 h after birth. 8 Only 69% of infants in India are exclusively breast-fed, and the median duration of exclusive breast-feeding in Tamil Nadu is only 1.1 months, which is lower than for all of India (2.0 months). 8 The most common prelacteal feeds include milk other than breast milk (56%), honey (24%) and sugar or glucose water (19%). 8 The previous studies analyzing breast-feeding practices found that infants partially or predominantly breast-fed had an increased risk of neonatal mortality compared with infants exclusively breast-fed. 14, 15 Further analyses of the breast-feeding practices in Southern India, including duration and exclusivity could provide more accurate information on the proportion of neonatal deaths that could be prevented.
We attempted to account for reverse causation bias 20, 21 by including only infants surviving to 48 h and by adjusting for morbidity during the first 48 h. There appeared to be little evidence of reverse causation bias when excluding babies thought to be ill. However, the number of signs collected in this study to assess possible severe disease in newborns was limited. First, information on some pre-existing morbidity conditions, including injury and congenital anomalies, were collected only for infants who died. Second, the assessments did not include a number of important signs suggested by the World Health Organization Young Infants Study Group 25 for assessing possible severe illness in newborns. Consequently, the study definition of severe illness may not have selected all truly sick infants, which may explain the increase in the association between breast-feeding initiation time and neonatal mortality when excluding infants with possible severe illness. More detailed information would have allowed for an improved characterization of early neonatal infection; however, the more limited morbidities variables utilized here and the exclusion of all deaths within the first 7 days of life suggested little evidence of residual reverse-causation bias.
According to the most recent demographic and health survey in India, 8 an estimated 91% of infants in Tamil Nadu were breast-fed within 24 h after birth. Although this estimate was much higher than the same indicator for all of India (55.3%), it is consistent with that reported in this study. However, initiation of breastfeeding within the first hour after birth is substantially lower in both Tamil Nadu (58.8%) and India (24.5%). The previous studies in Ghana and Nepal suggest a greater potential benefit to neonatal survival when breast-feeding is initiated within the first hour after birth. Although we found no significant difference in the mortality risk among infants initiating in the first 12 h compared with the second 12 h, understanding the association between breast-feeding initiation time before 12 h and neonatal mortality among infants in Southern India requires further research. It is clear that early breast-feeding initiation within the first 24 h after birth is associated with a reduced risk of neonatal mortality among infants in rural India. Further education and promotion in India of initiation of breast-feeding as soon as possible and certainly within 24 h of birth, especially within regions with currently low prevalence of early initiation, could significantly reduce neonatal mortality and help achieve Millennium Development Goal 4.
